Graphene oxide (GO) and graphene are nanomaterials that have attracted interdisciplinary attention in the field of physics, as well as chemistry and medicine. [1] [2] [3] GO can be prepared in large quantities, is water-processible and of technological interest. 4 It possesses a carbon framework arranged in a honeycomb lattice, which is chemically functionalized with oxo-functional groups on both sides of the carbon lattice. 5 Treating GO with reducing agents leads to the formation of single layers of graphene (G 1 , index indicates the number of layers) with a variable density of defects. [6] [7] [8] The mobility of charge carriers depends on the density of defects and therefore, mobility values range between 0.1 and 1000 cm 2 V À1 s À1 . 9 GO is often deposited on substrates and reduced to G 1 . 10 Consequently, the reducing agent can access GO from the upper side, because diffusion of the reducing agent between the substrate and the GO layers appears to be unfavoured. The improvement of the reduction process is a crucial question of synthetic and technological interest. 4, 11, 12 It can be anticipated that a reduction process could be more efficient if both sides of GO would be unhindered accessible. GO is commonly prepared from natural graphite in sulphuric acid using potassium permanganate as an oxidant to oxofunctionalize graphite. [13] [14] [15] It turned out that the reaction and work-up procedure can be controlled, avoiding over-oxidation that would lead to permanent defects due to the evolution of CO 2 and thus, the loss of lattice carbon atoms. 9, 16 The density of defects of GO with an almost intact carbon framework (ai-GO) can be analysed after reduction by Raman spectroscopy of G 1 . In mean the density of defects can be determined to be about 0.3% in average, in contrast to about 0.01% for the best quality of flakes. 8, 9, [17] [18] [19] [20] Ai-GO is an attractive starting material for derivatisation, 21 excluding manifold reactions at edges of defects. 5 Recently, ai-GO was used to determine the thermal stability of the carbon framework, 22 and a mixture of hydriodic acid and trifluoroacetic acid (HI-TFA) and ascorbic acid (AS) were identified as highly efficient reducing agents for ai-GO. 8, 23, 24 Since Raman spectroscopy on G 1 is the most reliable method to determine its quality, ai-GO is commonly placed on a substrate and subsequently chemically reduced to determine the density of defects. 18 After placing ai-GO on a substrate the faces of ai-GO can be distinguished. It can be assumed that the diffusion of liquid or gaseous reducing agents between the substrate (Si/300 nm SiO 2 ) and ai-GO is hampered due to strong hydrogen bonding. Thus, only the upper side of ai-GO is easily accessible. Although, reduction in solution would give access to both sides, the aggregation to G n (graphite) is inevitable in solution and a reliable Raman spectroscopic analysis of few-layer graphene or even graphite is hampered because of peak broadening. 18 The quality of G 1 is of crucial importance for the electrical performance and thus, it is a fundamental question whether the quality of G 1 can be further increased if a reducing agent can access both sides of ai-GO unhindered.
Here, it is demonstrated that the reduction of ai-GO from one side is sufficient to generate G 1 of high quality (Fig. 1A ). An aqueous solution of a reducing agent is used as a subphase to prepare films of floating graphene via the Langmuir-Blodgett technique. These graphene flakes are formed on the reductive subphase. After transferring this graphene on a substrate, vapours of HI-TFA are used for reduction, with access from the upper side. The density of defects is determined after each step by statistical Raman microscopy (SRM). By comparing the gathered results with experimental reference data it is confirmed that the reduction of ai-GO performed on a substrate from the upper side is sufficient and effective. Thus, a simple mechanism for the reduction of ai-GO is proposed that involves successive protonation and electron transfer steps.
Ai-GO was synthesized according to the recently published procedure (SI) by oxidizing graphite in sulphuric acid with potassium permanganate at 5-10 1C and subsequent continuous dilution of the reaction mixture with water, keeping the temperature below 10 1C. Diluted H 2 O 2 was used to dissolve manganese salts, and graphite oxide was purified by repeated centrifugation and redispersion steps in water. A minor fraction of graphite oxide already delaminates to single layers in water, however, ai-GO is mainly yielded after sonication. In previous publications ai-GO was characterised in detail. 9, 18, 25, 26 Ai-GO bears hydroxyl groups, epoxy groups and organosulfate groups on both sides of the basal plane as illustrated in Fig. 1A .
Flakes of ai-GO were deposited on a Si/300 nm SiO 2 substrate as a film by the Langmuir-Blodgett (LB) technique ( Fig. 2A) . Another LB-film of ai-GO was prepared by floating flakes of ai-GO onto a reductive subphase of an aqueous solution of AS (1 mg ml À1 ) or HI (1%, SI). After about 10 min, the LB-film becomes visible due to the formation of graphene and few-layer graphene ( Fig. 2A and Fig. S2 , ESI †). The LB-film was transferred after 90 min onto a Si/300 nm SiO 2 substrate. Another reduced ai-GO film was kept on the reductive subphase for 4 days and was analyzed directly while floating on the reductive subphase by SRM (Fig. S3 , ESI †). It is even possible to visualize individual flakes floating on the reductive subphase by optical microscopy (Fig. 2B) .
As demonstrated before, HI-TFA or AS are highly effective reducing agents for ai-GO. 8 For SRM an area of 150 Â 150 mm 2 of a film of flakes was probed and the intensities and fullwidths at half-maximum (G) of the D, G and 2D peak of Raman spectra were analysed. The statistical analysis was conducted according to the procedure described before using the plot of I G vs. G G as filter function (Fig. S4 , ESI †) to gain statistically reliable information from single layers of graphene (G 1 ). 18 The quality of the yielded G 1 is illustrated by plotting the I D /I G ratio vs. G 2D as depicted in Fig. 3A . Initially, reference data were collected from films of flakes of ai-GO. Typical Raman spectra of ai-GO (Fig. S6 , ESI †) exhibit values of I D /I G E 1.0 and G 2D E 350 cm À1 . G 2D is extremely broad due to the fact that roughly every second carbon atom of ai-GO is functionalized (sp 3 ). (Fig. 3, red points) . ). SRM depicts a narrow quality contribution with I D /I G = 2.6 AE 0.2 and G 2D = 70 AE 6 cm À1 . These data illustrate that the quality of G AS can be further improved by HI-TFA treatment. However, the quality remains worse compared to the G HI/TFA (G 2D = 62, red). This result indicates that the underlying reduction mechanism may be partially hindered by the first reduction step of ai-GO with AS. In accordance to the SRM results (Fig. 3A) , Raman spectra of individual flakes of G 1 from the high quality region for each reduction method (Fig. 3B) follow the same trend. In another experiment ai-GO was floated onto the reductive subphase (AS) and kept floating for 4 days under the reduction conditions. Afterwards, the quality of the flakes of G AS,4d and some few-layer graphene was probed directly on the reductive subphase by SRM without transferring the flakes. From SRM an I D /I G = 2.2 AE 0.2 and G 2D = 77 AE 11 cm À1 (Fig. S3 , ESI †) was determined without excluding spectra of few-layers of graphene. Therefore, the direct measurement has to be understood as a qualitative trend. Nevertheless, the quality of G HI/TFA (G 2D = 62)
was not attained. Thus, the overall best reduction method is the direct reduction of ai-GO on the substrate with vapours of HI-TFA, even if only the upper side is accessible unhindered by the reducing agent. The whole evaluation process was repeated using HI (1%) as the reductive subphase to form G HI,1% and it was found that reduction from the subphase is almost as efficient as for G HI/TFA (Fig. S7 , Table S1 , ESI †).
Thus, a plausible mechanism for the reduction of ai-GO can be derived. A reduction mechanism for GO with HI has been proposed recently that includes the formation of C-I bonds. 7 However, since iodide can be oxidized to iodine an electron transfer from iodide to the residual p-system of ai-GO is plausible (about 50% of C-atoms are sp 2 ), especially if oxofunctional groups are protonated by a strong acid, as illustrated in Fig. 4 . Consequently the transfer of electrons to ai-GO results in an opening of protonated epoxy-groups to hydroxyl-groups (Fig. 4) . Protonated organosulfate groups, as well as hydroxylgroups are cleaved as sulphuric acid and water, respectively, and the positive charge is compensated by electron transfer steps. It can be argued that the reduction of ai-GO proceeds by successive electron transfer steps to the p-system of ai-GO and protonation steps of oxo-functional groups. Since G 1 and ai-GO are 2D-materials it does not matter whether the electrons are transferred from the upper side or the lower side. In contrast to bulky iodide atoms, protons can easily be transferred (proton conductivity) by traces of water between the substrate and ai-GO. Therefore, it can be suggested that hydroxyl-groups (general: oxygen functional groups) can be protonated on both sides, even if ai-GO is placed on a substrate. Since the preparation of G AS is less effective compared to G HI,(1%) it can be assumed that adsorbed species (between substrate and ai-GO, indicated by AFM, Fig. S1 , ESI †) may hamper either the electron transfer or the elimination of functional groups. This reduction mechanism is proposed for intact GO and it should be kept in mind that conventional GO contains structural defects on the several % scale, 5, 18 with various functional groups. 27, 28 It was found that one accessible side of ai-GO is sufficient for an efficient reduction to G 1 . A general reduction mechanism for the reduction of ai-GO is proposed that involves successive electron transfer steps and protonation steps. If one of these steps is hindered, the full potential reduction will not be possible, which may be the case for less efficient reduction methods. 7 Investigations of reduction kinetics will give further insights into the mechanism and will be addressed in future studies.
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